Purpose: We investigated the relationship of painful bladder filling and urinary urgency to somatic and chronic pain symptoms in women with overactive bladder without an interstitial cystitis/bladder pain syndrome diagnosis. Materials and Methods: Women who met overactive bladder criteria based on symptoms were recruited, including 183 (83.9%) from the community and 35 (16.1%) from the urology clinic to complete validated questionnaires assessing urinary symptoms, somatic symptoms and pain syndromes. Participants were categorized into 1 of 3 groups, including 1) neither symptom, 2) either symptom or 3) both symptoms, based on their reports of painful urinary urgency and/or painful bladder filling. Multivariable regression analyses were performed to determine factors predictive of having painful urgency and/or painful filling. Results: Of 218 women with overactive bladder 101 (46%) had neither painful bladder filling nor urinary urgency, 94 (43%) had either symptom and 23 (11%) had both symptoms. When controlling for age, women with either or both urological pain symptoms were more likely to have irritable bowel syndrome, chronic pelvic pain and temporomandibular disorder than women in the neither group. Additionally, these women had higher pain intensity and somatic symptoms scores than women with neither symptom. Conclusions: The majority of women with overactive bladder who had not been diagnosed with interstitial cystitis/bladder pain syndrome reported painful urgency and/or painful filling. Experiencing painful urgency and/or filling was associated with an increased somatic symptom burden and greater pain intensity. These findings support the hypothesis that overactive bladder and interstitial cystitis/bladder pain syndrome diagnoses may represent a continuum of bladder hypersensitivity.
Editor's Note: This article is the fourth of 5 published in this issue for which category 1 CME credits can be earned. Instructions for obtaining credits are given with the questions on pages 1382 and 1383. Key Words: urinary bladder, overactive; nociceptive pain; cystitis, interstitial; patient reported outcome measures; chronic pain OVERACTIVE bladder is defined by the ICS (International Continence Society) as "urinary urgency, with or without urgency incontinence, usually with frequency or nocturia." 1 Although pain symptoms are not considered part of the OAB syndrome, prior data demonstrated overlap between the OAB and IC/BPS symptoms experienced by patients. The multicenter ICDB (Interstitial Cystitis Data Base) study showed that 48% of patients with IC/BPS experienced urgency, 40% experienced urinary frequency with 15 or more voids per day and 20% had nocturia 4 or more times per night. 2 Other studies support minimal differences in urinary frequency and urgency between patients with OAB and IC/BPS with 33% and 45% of those with OAB experiencing pain with bladder filling 3 and pain, pressure or discomfort associated with the urge to urinate, 4 respectively. The underlying pathophysiology of OAB and IC/ BPS remains unclear and despite clinical overlap a common pathophysiological association has not been definitively established. Central sensitization characterized by neuronal plasticity and spinal hypersensitivity to afferent input is implicated in the pain phenotype of several chronic pain and somatic conditions, collectively termed CSSs. 5 It was suggested that OAB and IC/BPS overlap with CSS clinically. The prevalence of migraine, fibromyalgia and chronic fatigue was found to be higher in women with OAB than in those without the condition 6 and the somatic symptom burden correlated with OAB severity. 7 Furthermore, Lai et al established that the symptoms of painful bladder filling and painful urgency were associated with more severe urological symptoms and a higher somatic symptom burden in a population of men and women with urological chronic pelvic pain syndromes. 8 These findings suggest that chronic pain conditions alter the experience of OAB symptoms or alternatively that OAB, IC/BPS and CSS have common underlying pathophysiological mechanisms affecting afferent sensory nerves.
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The aim of this study was to investigate the relationship between painful filling and painful urgency with OAB severity, somatic symptoms and CSS in women with OAB without a self-reported diagnosis of IC/BPS. We hypothesized that women with OAB and painful bladder symptoms would have a greater somatic symptom burden than women with OAB without associated pain symptoms.
MATERIALS AND METHODS
Following institutional review board approval women with OAB were recruited via electronic advertisement to participate in this questionnaire based study, including 35 (16.1%) through the clinic and 183 (83.9%) through the community. Study inclusion criteria included women 18 years old or older with OAB symptoms based on a score of 4 or greater on the OAB-V3 awareness tool, a 3-item screening tool. 9 Women were excluded from analysis if they reported neurological diagnoses (ie multiple sclerosis, spinal cord injury or stroke) or a history of pelvic radiation, bladder cancer or bowel diversion. The questionnaires assessed demographics, urinary tract symptoms and pain conditions.
Validated questionnaires specific to the lower urinary tract included the 8-item OABq-SS 10 and the 13-item OABq-HRQL scale. 11 The OABq-SS and the OABq-HRQL were transformed to a 100-point score with a higher score on the OABq-SS indicating more severe symptoms and a lower score on the OABq-HRQL indicating a greater negative effect on health related quality of life related to OAB. A difference of 10 points in these transformed scores is considered clinically meaningful. Urgency urinary incontinence was defined as a response of at least "somewhat" to urine loss associated with a strong urge to urinate on the OABq.
The SSS (Somatic Symptom Scale) measures the somatic symptom burden through an assessment of gastrointestinal, pain, fatigue and cardiopulmonary symptoms during the preceding 7 days. 12 The PROMISÒ pain intensity scale is a NIH (National Institutes of Health) sponsored instrument with 3 items which evaluates pain intensity at the worse, average and current levels on a scale of 1dnone to 5dvery severe. 13 Scoring is done using the PROMIS HealthMeasures Scoring Service powered by Assessment Center SM (https://www.assessmentcenter. net/ac_scoringservice). The final score is represented as a T-score and SE standardized to the United States general population. A T-score greater than 50 represents worse pain intensity than average.
Patients were asked to self-report ("if you ever had or ever have had the following medical conditions") a diagnosis of CSS, specifically low back pain, restless leg syndrome, TMJ disorder, neck pain, chronic fatigue syndrome, endometriosis, chemical sensitivity, vulvodynia and IC/ BPS. Chronic pelvic pain was defined as "Pelvic pain, either constantly or off and on, for 3 months or more. By pelvic pain I mean pain below the belly button or in the female organs." 14 The diagnosis of IBS was based on Rome III criteria. 15 The diagnosis of migraine, which was based on a validated self-administered questionnaire, included a positive response to having migraines or tension headaches in addition to 1 associated symptom, including 1) activity limited by migraine in last 3 months, 2) nausea or 3) photophobia. 16 The diagnosis of fibromyalgia was based on ACR (American College of Rheumatology) guidelines using minimum cutoffs for a wide pain index and a somatic symptom score. 17 As the primary analysis we examined a population of women with OAB without a self-reported diagnosis of IC/ BPS (community recruited women) or a clinical diagnosis of IC/BPS (women recruited from the clinic). The final study cohort of 218 women was categorized into 3 groups based on the presence of painful urgency and/or painful filling, including group 1dneither symptom, group 2deither symptom and group 3dboth symptoms in a classification scheme similar to that reported by Lai et al. 8 The RICE (RAND Interstitial Cystitis Epidemiology) questionnaire was used to assess painful urgency and painful filling. 18 Painful urgency was reported as pain, pressure or discomfort associated with the urge to urinate and painful filling was defined as a yes response to the question, "In the past week, have you experienced pain or discomfort as your bladder fills?" Responses to validated questionnaires were compared among the 3 groups.
Secondarily to ensure that the women with OAB but without a self-reported diagnosis of IC/BPS who endorsed painful urinary urgency and painful bladder filling symptoms differed from the women who self-reported an IC/BPS diagnosis we also compared those 2 groups.
All continuous variables were determined to be normally distributed with minimal skewness. The mean AE SD is reported. Continuous variables were compared by 1-way ANOVA to analyze differences between groups. Categorical variables were analyzed by the chi-square test. The primary exposure was the group category of neither symptom, either symptom or both symptoms. The primary outcomes were analyzed with multivariable logistic and linear regression models adjusting for age. Analysis was performed using IBMÒ SPSSÒ, version 24.0. Table 1 lists demographic data on the 218 respondents without an IC/BPS diagnosis but with OAB based on symptoms who met study inclusion criteria. Mean AE SD age was 45.3 AE 14.6 years, 181 women (83%) identified as nonHispanic Caucasian and 139 (63.7%) had at least a college degree. There were no differences in age, race/ethnicity or education level among the 3 groups.
RESULTS
In this cohort 88 women (40.4%) reported painful urgency only, 6 (2.8%) reported painful filling only, 23 (10.5%) reported both symptoms and 101 (46.3%) reported neither symptom. The most common comorbid somatic syndrome in this population was lower back pain in 90 women (41.3%), followed by migraine in 82 (37.6%) (table 1). The overall mean PROMIS pain intensity score was 43.6 AE 8.7 (range 30.7 to 71.8). The incidence of urgency urinary incontinence in this population was greater than 50% and no relationship was identified with painful bladder symptoms.
There were increases in the OAB symptoms score, pain intensity and the somatic symptom burden, and a decrease in OAB related quality of life scores from neither symptom to greater than either symptom to greater than both symptoms (see figure) .
Logistic regression analyses adjusted for age established that the diagnosis of IBS, chronic pelvic pain or TMJ disorder was associated with an 
DISCUSSION
In this population of women with OAB without a diagnosis of IC/BPS 54% reported symptoms of painful urgency and/or painful filling. Having a certain CSS, specifically IBS, chronic pelvic pain or a TMJ disorder, was predictive of having painful bladder symptoms. Women with painful bladder symptoms were 3 times more likely to have IBS and 13 times more likely to have chronic fatigue syndrome. These findings are analogous to those in the study by Lai et al, which showed that IC/BPS in women diagnosed by a self-report of pain, pressure or discomfort localized to the bladder or pelvic region was associated with lower urinary tract symptoms. 8 In that study women with IC/BPS were more likely to have IBS or chronic fatigue syndrome across the gradient of neither symptom greater than either symptom greater than both symptoms. Our study confirmed an ordinal effect on the somatic symptom burden in a population of women with OAB.
The PROMIS pain intensity scores also progressively increased from the neither symptom group to the either symptom group to the both symptom group. This may reflect that women with painful filling and/or painful urgency have systemic hypersensitivity or dysregulated afferent sensory function such as that seen with central sensitization. Central sensitization is thought to result from repeat painful stimuli which induces functional changes in Mean OABq-SS (A), OABq-HRQL (B), pain intensity (C ) and Somatic Symptom Score (D) in OAB population groups across gradient of neither symptom greater than either symptom greater than both symptoms. Error bars represent 95% CI.
secondary spinal afferent nerves, causing afferent hypersensitivity. 19 Temporal summation, which is an indicator of central sensitization, is measured by increased pain perception to a series of stimuli such as heat delivered at constant intensity and frequency. A group of women undergoing third line therapy of OAB had higher pain intensity scores and greater temporal summation than controls. 20 On subanalysis women with selfreported IC/BPS showed the greatest degree of temporal summation, although it was not statistically significantly higher than in the OAB group. It remains to be determined whether the associations between urgency perception and global pain intensity represent a manifestation of widespread changes to pain sensitivity or whether painful urgency symptoms contribute mechanistically to more widespread afferent dysfunction.
Limitations of the study include selection bias as women with more severe OAB symptoms may have been more likely to complete the questionnaires. Furthermore, the demographics of the study population (the women were predominantly Caucasian and college educated) may limit the generalizability of the findings. Women diagnosed with IC/BPS were excluded from inclusion in the primary analysis, although it is possible that some of these women recruited from the community would have qualified for this diagnosis if they had been evaluated in a clinical setting. However, even in patients who reported painful urgency and painful filling the average PROMIS pain intensity score was below average, meaning that there was less intense pain, than in the general population, indicating a less severe population of women with pain.
Additionally, a comparison of women with both pain symptoms but without an IC/BPS diagnosis and women with an IC/BPS diagnosis showed no difference in the OABq-SS. The absolute difference in pain intensity and somatic symptom scores was small but statistically higher in women with a diagnosis of IC/BPS, establishing that the study cohort of women with OAB and painful bladder symptoms differed from women endorsing an IC/ BPS diagnosis. With the exception of diagnoses of IBS, chronic pelvic pain, fibromyalgia and migraines, which were based on diagnostic criteria, the women were asked to self-report the other CSS diagnoses. This may have introduced a degree of response bias. Also, the frequency of some pain syndromes was low in this population, therefore, potentially not allowing for the detection of differences among the 3 groups.
Based on clinical overlap as well as data suggesting increased central sensitization it seems that OAB and IC/BPS exist on a continuum of bladder sensitivity with urgency and frequency symptoms predominating on one end and pain symptoms predominating on the other end. Identifying the underlying etiology of this spectrum as well as clinical and physiological factors that predict where the pathological condition of the woman exists on the continuum may help us develop new and targeted treatment options. Further study in a fully characterized, clinically evaluated cohort of patients is necessary to confirm our hypothesis and findings.
CONCLUSIONS
A large percent of this cohort of women with OAB and without IC/BPS reported painful filling and/or painful urgency. We identified associations between these pain symptoms and chronic somatic syndromes as well as increased pain intensity and the somatic symptom burden. These findings may lead to a further understanding of the underlying pathophysiology of OAB and IC/BPS, and to the development of new therapies aimed at restoring afferent nerve function. 
